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CHARACTERISTICS OF CLARK Y AIRFOILS OF SMALL ASPECT RATIOS

By C. H. ZnnerMaN

SUMMARY

This report presents the results of a series of wind-
tunnel tests showing the force, moment, and autorotational
characteristics of Clark Y airfoils having aspect ratios
varying from 0.6 to 3.

An airfoil of rectangular plan form was tested with
rectangular tips, faired tips, and semicircular tips.
Tests were also made on one airfoil of circular plan
form and two airfoils of elliptical plan form.

The tests revealed a marked delay of the stall and a
decided imerease in values of maximum Lift coefficient
and mazimum resultant force coeffictent for aspect ratios
of the order of 1 as compared with the values for aspect
ratios of 2 and 8. The largest value of Crmor was 2.17
with ¢ wing of circular plan form and an aspect ratio
of 1.27. The same wing gave @ Crme: of 1.86 and an
L[D ratio of 1.63 at 46° angle of attack.

Wings having aspect ratios of about 1 were found to
have moment characteristics more favorable to stability
than those having larger aspect ratios. Decreasing the
aspect ratio greatly reduced ranges and rates of autoro-
tation based on a given span and air speed. Results,
when reduced to infinite aspect ratio by conventional
formulas, indicate that such formulas are not applicable
for aspect ratios less than 1.5. It i8 apparent that the
plan form and tip shape of the wing are of major im-
portance among the factors affecting airfoil character-
18tics at aspect ratios of 1.6 and smaller.

INTRODUCTION

In recent years there has been an increasing demand
for an airplane suited to the needs of the private
owner. Without going into a discussion of the problem
it may be said that such an airplane should be capable
of descending along 2 steep path at such a low rate
of speed that it will be unnecessary for the pilot to
alter the direction of the flight path or the speed
when near the ground in order to make a satisfactory
landing.

The present tests were suggested by a study of
means of obtaining such characteristics. It was
immediately apparent that it is necessary to secure a
high resultant force coefficient and a low lift/drag

ratio at meximum resultant force coefficient. It was’

thought possible to derive benefit from the large

induced drag of small aspect-ratio wings when at
large values of lift coefficient. A survey of the results
of previous investigations of the effects of varying the
aspect ratio (references 1 and 2) and of the unpublished
results of tests of flat plates with aspect ratios of 1
and 2 in the original atmospheric wind tunnel of the
National Advisory Committee for Aeronautics re-
vealed & scarcity of date for aspect ratios less than 3,
and suggested the possibility of obtaining high maxi-
mum lift coefficients with wings having aspect ratios
of the order of 1.

In order to determine characteristics of small aspect-
ratio wings within the usable range, force tests were
made on Clark Y airfoils with aspect ratios varying
from 3 to 0.5. The airfoils were tested with rectan-
gular, faired, and semicircular tips in order to determine
the effect of tip shape upon the characteristics. In
addition to force tests at 0° yaw, autorotational fests
at 0° yaw and force tests at 20° yaw were made upon
those airfoils having aspect ratios of approximately 3
and approximately 1 to investigate the stability char-
acteristics of low aspect-ratio wings. Test data on
a rectangular Clark Y airfoil of an aspect ratio of 6
were included for comparison.

MODELS AND APPARATUS

The models were constructed of laminated mahog-
any; dimensions were held within 0.01 inch of those
specified. The ordinates for the Clark Y airfoil section
are given in Table I. Au airfoil which was rectangular
in plan form with a 42.43-inch span and a 14.14-inch
chord was used as the basic model. Changes in
aspect ratio were effected by cutting off the ends of
the basic model.

The faired-tip models were evolved from the basic
model by attaching the faired fips to it. (Fig. 1.)
The section of the faired tip is & semicircle when taken
on the plane perpendicular to the mean camber line
of the tip section of the basic model.

The semicircular tips are also shown in Figure 1.
The Clark Y profile was preserved from the section
having a chord of 14.14 inches to the section having &
chord of 5 inches. The remainder of the tip was
faired. Points on the upper surface of the airfoil at
the maximum thickness of the section were kept in a
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plane parallel to the plane of the bottom surface of
the basic model. The chord of each section of the tip
was kept parallel to the chord of the basic model.
Since the smallest aspect ratio possible with semicircu-
lar tips (circular plan-form) is 1.27, elliptical wings
were made up with aspect ratios of 1 and of 0.75.
Each half of the elliptical wings differed from the
semicircular tips in plan form only.

All tests were made in the N. A. C. A. 7 by 10 foot
tunnel on the 6-component balance and the rotation
apparatus described in reference 3.
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The force tests were made at a dynamic pressure
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Faired fip
o Meaon
o camber
S line
1‘.___ ‘\
4’_—::’
<l
<
—
-::“
~
<:~
1:‘~
.—>
-l
oty
1.:\
~-Basic wing
ST ol
e e e . R =72

o

2 \‘—A

>

- Ss:fﬁon
; AN -

4‘_’_;_ .
‘:> N .

o

________________________ .

COMMITTEE FOR AERONAUTICS

RESULTS

Results are presented in the form of absolute co-
efficients. Pitching-moment coefficients are based on
_the central chord and refer to its quarter-chord point.
Angles of attack and values of drag have been corrected
for tunnel-wall effect by the method given in refer-
ence 4.

For tests at 0° yaw values of Oy and O, are plotted
against angle of attack in Figures 2, 3, and 4, and
values of C, and L/D are plotted against angle of attack
in Figures 5, 6, and 7. A summary of values of
Crmazy Opmin the 1840 Opmaz t0 Comin, Crmaz, LD ratio,
and L/D at Cgma: plotted against aspect ratio is given
in Figures 8 and 9 and Table IX. Values of O, are

plotted against Oy, in Figure 10.

Semicircular tip

F1GURE L—Tip detalls of small aspect-ratio airfoils of Clark Y section

under standard atmospheric conditions, giving a
Reynolds Number of approximately 860,000 based on
the chord of 14.14 inches.

Rotation tests were made at the same air speed with
the exception of tests of the airfoil with circular plan
form, which, because of its small span, had a rotational
velocity exceeding the capacity of the apparatus at the
standard air speed.

Lift, drag, and pitching moment were measured on
each airfoil at 0° yaw. The aspect ratios of the air-
foils tested were as follows: With the rectangular tips
3, 2, 1.5, 1.25, 1.0, 0.75, and 0.5; for the faired tips
3.15, 2.15, 1.65, 1.40, 1.15, 0.90, and 0.65; for the
semicircular tips 3.23, 2.24, 1.74, 1.51, and 1.27; for
the elliptical airfoils 1 and 0.75. All sis components
were measured at 20° yaw for the airfoils having the
following aspect ratios: For the rectangular tips 3 and
1; for the faired tips 8.15 and 0.90; for the semicircular
tips 3.23 and 1.27.

All airfoils given force tests with 20° yaw and the
elliptical airfoil with an aspect ratio of 1 were tested
for autorotation with 0° yaw.

All six components for the wings tested at 20° yaw
are given in Tables IT to VIII, inclusive. Values of
C., C,, and C, are plotted against ;. (Figs. 11 and
12.) The moments refer to chord axes.

The rates of stable autorotation are expressed in

; i
terms of % and plotted against angle of attack in
Figure 13. The symbol p’ refers to angular velocit;
ab%it the longituydina.l &£S of the tunnel.gul v

Profile drag and the angle of attack for infinite
aspect ratio were calculated by the formulas given in
reference 5. The correction constants for rectangular
wings were used in making the computations for both
rectangular airfoils and faired-tip airfoils. The con-
stants for the very small aspect ratios were determined
by extrapolation of the curves given in reference 5.
The uncorrected formulas for elliptical wings were used
in the calculations for the wings with semicircular tips.
The values calculated are plotted against O, in Figures
14, 15, and 16.

The probable errors in measurements are as given
in reference 3.
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FiGURE 5.—Varlations of L/D ratlo and center of pressure location with angle of
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DISCUSSION

The reader should bear in mind that results herein
discussed apply to airfoils alone and that in making
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performance calculations the characteristics of the
airplane as a whole must be very care- 5
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Slope of lift curve.—A survey of the curves of lift
coefficient plotted against angle of attack (figs. 2, 3,
and 4) reveals that the slope of the lift curve decreases
with decrease of aspect ratio much as would be pre-
dicted by theory. The discrepancies between results
observed and theory are discussed later in the section
on reduction to infinite aspect ratio.

Meaximum lift coeficient.—Previous tests have shown
décrenses of maximum lift coefficient with decreasing
agpect ratios for aspect ratios in the range from 8 to 2
(reference 1) and the present tests give similar results.
The airfoils having rectangular tips revealed a decrease
of maximum lift coefficient continuing to an aspect
ratio of 1.5; similar decreases for the semicircular and
the faired tips continued to aspect ratios of 1.74 and
1.40, respectively. The minimum values reached were
93 per cent for the rectangular tips, 79 per cent for the
faired tips, and 95 per cent for the semicircular tips,
based on the value for the standard wing. (See
fig. 8.)

Further decreases in aspect ratio gave increases in
maximum lift coefficient. The maximum values
reached were 111 per cent, 98 per cent, and 149 per
cenf, based on the value for the standard wing, at
aspect ratios of 0.75 for the rectangular tips, 0.90 for
the faired tips, and 1.27 for the semicircular tips, re- .
spectively. These increases are the results of the delay
of the burble, caused probably by end flow. It is
apparent that tip form plays an important part in
this phenomenon.

fully taken into account. | | | .
In this discussion, effects of tip form <y Aspect ratfio 890 frect) z
and of aspect ratio will be considered ./2 a 224
concurrently to avoid repetition. The o - 0 1.5/ v .
Clark Y airfoil, having a rectangular ¥ o IS 2| e |”
plan form and an aspect ratio of 6, % 4 : |7 ¥
will be referred to as a standard wing .
in making comparisons between the 04 v | +| o
standard wing and the airfoils with IR I
small aspect ratios. T e O T S O T Nl o ars
The tests upon the standard wing 0 7]
were made 2t a Reynolds Number of 20°
approximately 609,000 (80 miles per I
hour, 10-inch chord). It is thought S A
that the difference between this value 4. B "
and the value for the small aspect- elotl %]’ "‘/j
ratio wings (860,000) is not enough *° PR I S T e = i P
to affect seriously the comparison © —
. . . . dlv+ofs Xl
givenin this report. However, since | o |
nothing is known of the effect of |
an increase to a Reynolds Num- 70 2 4 5 50 12 4 16 18

ber of the order of those common
in flight upon the characteristics of
small aspect-ratio airfoils, too much
dependence should not be placed on the compari-
son herein given in making performance calcula-
tions.

FIGURE lé.—VarInﬂons of angle of attack for infinite aspect ratio and profile drag with lift cooflolent.

Semicircolar tips, 0° yaw

Maximum resultant force coefficient.—Curves of
Crma: Plotted against aspect ratio (fig. 9) have the same

general shape as curves of Cpms;. Minimums of 93 per
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cent, 82 per cent, and 98 per cent, based on the value
for the standard wing, occur at aspeot ratios of 1.5,
1.40, and 1.74 for the rectangular tips, the faired tips,
and the semicircular tips, respectively. Maximums of
138 per cent, 125 per cent, and 174 per cent occur ab
aspect ratios of 0.75, 0.90, and 1.27, respectively. The
differences between the shapes of the Orpes curves and
the Cpme: curves are due to the greater induced drag of
the low aspect-ratio airfoils. The value of maximum
resultant force coefficient is more relevant to landing
characteristics for steep glide landings than the value
of maximum lift coefficient. In such landings the
resultant force opposes the weight of the airplane, and
the coefficient is therefore a criterion of the landing
speed.

Drag coeflicients.—Curves of drag coefficient plotted
against angle of attack fall within a fairly wide band at
angles of attack less than 20° for all wings tested. The
points for the lower aspect ratios fall near the top of
the band at angles of attack below 0° and near the lower
border of the band at angles of attack above 0°. Itis
of interest to note that the airfoils of aspect ratios of
approximately 1.5 and smaller show a sharp decrease
of drag coefficient immediately after passing the burble
point.

Minimum drag coefficients—Curves of Cpmis plotted
against aspect ratio are much as would be expected for
the rectangular and fzured—tlp airfoils. (Fig. 8.) For
each of these types the minimum drag coefficient
increases with decrease of aspect ratio because of the
increasing importance of tip drag. The faired-tip
wings were found to have the lesser drag of the two
for a given aspect ratio. The airfoil with semicircular
tips gave & minimum drag coefficient of 0.0151 at an
aspect ratio of 3.23, the same as did the faired-tip
airfoil at an aspect ratio of 3.15 and the rectangular-tip
airfoil at an aspect ratio of 6. From this point the
minimum drag coefficient increased to 0.0177 at an
aspect ratio of 1.74 and remained practically the same
for all lower aspect ratios. This strange behavior is
probably due to the fact that the semicircular tips are
examples of exaggerated taper and have comparatively
small losses from tip effect.

Lift/drag ratio—~The curves of L/D ratio plotted
against angle of attack are nearly alike for all wings
above 25° angle of attack. (Figs. 5, 6, and 7.) The
curves between zero lift and 25° angle of attack become
flatter with decrease in aspect ratio. This character-
istic indicates that the smaller aspect ratios would
require larger horsepower to give a fixed weight-
velocity product than would the larger aspect ratios,
that minimum gliding angles would increase with
decrease in aspect ratio, and that high rates of climb
would be very difficult to obtain with small aspect-
ratio wings. Definite statements as to the amounts
of these effects would be misleading, unless differences
of structural weight, perasite drag, and effects of
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Reynolds Number are taken into account very
carefully.

A curve of maximum values of L/D plotted against
aspect ratio is given in Figure 9 and has a decided
positive slope, indicating much larger minimum gliding
angles for the wings alone for the small aspect ratios
as compared to those for the larger aspect ratios. Tip
effects upon this curve are slight, the semicircular
tips being slightly better than the rectangular tips at
agpect ratios less than 1.5 and the faired tips being

‘glightly worse over most of the range.

WMaximum-lift/minimym -drag ratio—Curves of
Crmar/Cpmis Dlotted against aspect ratio (fig. 8) have
the same general characteristics as curves of Crme:
plotted against aspect ratio for the same tip forms.
However, the curves for the rectangular and faired
tip wings fall off much more markedly than their
respective Cpng, curves, because of the great increase
in minimum drag with decrease in aspect ratio for
these airfoils. Since the miniraum drag coefficient
for the semicircular-tip wings remains practically
constant for aspect ratios less than 1.74, the curve of
Crmaz/Comis has a decided peak, reaching a maximum
value of 104 for the aspect ratio of 1.27, as compared
with the value of 82.1 for the standard wing.

Lift/drag ratio at maximum resultant force.—
Another characteristic which is of importance in the
study of steep-glide landings is the lift/drag ratio at
maximum resultant force coefficient for the complete
airplane; this ratio is the cotangent of the gliding angle
and therefore must be small for a steep glide. Values
of this ratio decrease with decrease of aspect ratio
from 8.59 for the standard wing to values of about
1.2 for the aspect ratios of about 1, corresponding
to gliding angles for the wings alone of 8.5° and 39.8°,
respectively. The curves for the three tlp shapes are
gimilar, the semicircular-tip wing giving somewhat
lower values than the others, especially for aspect
ratios of 1.27 and 1.5.

Center of pressure coefficient.—The center—of—pres—
sure-coefficient curves reveal unstable characteristics
gimilar to those of the standard wing at low angles of
attack, but the center of pressure does not travel as
far forward for the lower aspect ratios as for the higher
ones. (See figs. 5, 6, and 7.) - It is of interest to note
that the C, curves of all the airfoils move forward
rapidly to an angle corresponding to the stall of the
standard wing beyond which point the center of pres-
sure, in general, remains practically stationary until
a stall of a particular wing is reached, at which point
it moves back markedly. The curve for the wing of
circular plan form (aspect ratio 1.27) is an exception
to these general statements, the center of pressure
moving much farther forward than it does for other
aspect ratios of nearly the same value. '

Pitching-moment coeficient.—Curves of Chn.f;
plotted against O, for representative airfoils of the
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series tested with zero sideslip (fiz. 10) show the
smaller aspect ratios to have slightly smaller diving-
moment coefficients at low values of lift coefficeint
than do the higher aspect ratios. They also have
negative slopes for values of (7 of 0.5 and above for
the extremely small aspect ratios. This characteristic
of longitudinal stability of the very small aspect ratios
is first noticeable in the rectangular airfoil at an aspect
ratio of 1, the semicircular-tip airfoil at an aspect
ratio of 1.5, and the faired-tip airfoil at an aspect
ratio of 0.65.

The pitching-moment-coefficient curves for the
airfoils when yawed 20° (fig. 11) differ somewhat from
those for zero sideslip. The slope of the curve for
the standard wing is positive, especially at lift coeffi-
cients near Crms.. The slope of the curve for the
rectangular wing of aspect ratio 38 is positive at small
values of Cp but becomes negative before Cime: is
reached. The slopes of the curves for the airfoils
of aspect ratios of about 1 were decidedly negative
at all values of Cp below the stall with the exception
of the curve for the airfoil with circular plan form.
This latter eurve has a steep negative slope except
near the stell where the slope becomes practically
Zero.

Rolling and yawing moment coeficients.—Since the
measurements were made with a negative angle of
yaw, positive yawing moments and negative rolling
moments are such as to restore the wing to & condition
of no yaw. All the yawing-moment coefficients are
small in comparison with pitching and rolling moment
coefficients for the same airfoils, but are of the order of
magnitude of yawing-moment coefficients given by
the rudder of a conventional airplane. (Reference 6.)
All the airfoils gave positive moments through prac-
tically the entire range. Note that all moments refer
to chord axes.

All the airfoils exhibit unstable rolling moments at
zero lift. (Fig. 12.) The rolling-moment coefficient
for the standard wing did not become negative until a
" 1if§ coefficient of 0.9 was reached. The airfoils with
smaller aspect ratios gave negative rolling moments at
much lower values of lift coefficient. They also gave
values of rolling-moment coefficient much greater
in the negative direction than did the standard wing at
all values of lift coefficient greater than zero.

7
Autorotational characteristies.—Curves of%plotted

against angle of attack reveal a decided decrease in
range and rate of autorotation based on a given span
and air speed with decrease in aspect ratio. (Fig. 13.)
The rectangular wing of aspect ratio 1, the faired-tip
wing of aspect ratio 0.90, and the elliptical wing of
aspect ratio 1 would not autorotate. It seems proba-
ble, considering the tendency toward decreased range
of autorotation and value of p’ /2 V with decrease
of aspect ratio, that airfoils having still smaller aspect
ratios would also not autorotate.
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The airfoil of circular plan form, aspect ratio 1.27,
showed autorotation over g small range of angles of
attack between 30° and 36°. It also autorotated
very slowly at angles of attack between 48° and 60°.
Reference to Figure 4 reveals that the range of auto-
rotation between 30° and 36° occurs at a point of
decided positive slope of the curve of lift coefficient
well below the angle of attack for the stall, and it would
seem that autorotation for this wing is a result of some
characteristic of the 3-dimensional flow rather than the
result of the reversal of slope of the normal-force curve.

Reduction to infinite aspect ratio.—Curves of angle
of attack at infinite aspect ratio and of profile drag
plotted against Op (figs. 14, 15, and 16) show that the
theoretical correction factors can not be applied with
satisfactory results for the wings of aspect ratios of 1.6
or less. For low aspect ratios the correction factors
are too large in the case of the rectangular wings and
too small in the cases of the faired and semicircular-
tip wings. The correction factors for aspect ratios less
then 1.5 are much more nearly true for the semi-
circular-tip wings than for the rectangular and faired
tip wings.

CONCLUSIONS

1. There is a range of aspect ratios extending ap-
proximately from 0.75 te 1.50 wherein end flow causes
a marked delay in the breakdown of the longitudinal
flow as the angle of attack of an airfoil is increased.

2. It is possible within this range to obtain maxi-
mum lift coefficients considerably higher than can be
obtained for an airfoil of this same section having an
aspect ratio of 6. The highest maximum lift coeffi-
cient obtained in this series of tests was 1.85 at 45° angle
of attack for the wing with circular plan form as com-
pared with 1.24 at 14° angle of attack for the rectangu-
lar airfoil having an aspect ratio of 6.

3. The tip shape is of paramount importance among
the factors affecting the force and moment character-
istics within this range. The airfoils with semicir-
cular tips were found to be much superior to those
having rectangular or faired tips.

4. Airfoils within this range have the characteristics
desirable for steep glide landings; namely, large values
of maximum resultant force coefficient and small
values L/D ratio at maximum resultant force coeffi-
cient. In this series of tests a value of Czper of 2.16
with an L/D ratio of 1.33 was obtained for the ellipti-
cal wing having an aspect ratio of 1 as compared with
a value of Cppe; of 1.25 with an L/D ratio of 8.59 for
the rectangular airfoil having an aspect ratio of 6.

5. Decreasing the aspect ratio decreases the range
and rate of autorotation based on & given span and
air speed. The elliptical airfoil of aspect ratio 1, the
rectangular airfoil of aspect ratio 1, and the faired-tip
airfoil of aspect ratio 0.9 would not autorotate.

6. Autorotation at angles of attack below the stall
was found to exist in the case of the airfoil of circular
plan form, aspect ratio 1.27.
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7. Decreasing the aspect ratio increases rolling-
moment coefficients in the stable sense when yawed.

8. Decreasing the aspect ratio tends to improve
static longitudinal stability characteristics of an airfoil
when not yawed and also when yawed 20°,

9. Additional experiments should be carried out to
determine the effects of Reynolds Number, airfoil
section, plan form, and tip shape within the range of
aspect ratios from 0.75 to 1.50.

10. A theoretical study should be made of the 3-
dimensional air flow about airfoils having small aspect
ratios.

NaTionAL Apvisory COMMITTEE FOR AERONAUTICS,
LaneLEy MEMORIAL ABRONAUTICAL LABORATORY,
LancrLey Fiewp, Va., May 6, 1932.
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TABLE I
ORDINATES OF CLARK Y SECTION IN PER CENT
OF CHORD .

Rad. L. E. 1.50 Rad. T. E, 0.08

Distance
from Y. E. | UPper Lower
Qg .50 3.80
L25 b5.45 L93
2.5 4, 50 147
] 7.90 .8
7.6 8,85 .63
10 9. 60 .42
16 10. 69 .15
20 11.36 .03
30 1L70 .00
40 11.40 .00
b0 10,52 .00
1] 0.15 .00
70 7.85 .00
80 5.22 .00
80 2.80 .00
95 1.49 .00
100 .12 .00
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TABLE IT

LIFT, DRAG, CROSS-WIND FORCE, ROLLING-
MOMENT, l.E’ITCH.ING:—MOM‘ENT, AND YAWING-
MOMENT COEFFICIENTS

~20° Yaw

Aspeot ratio=6 Rectangular tips
a Deg. Cr Cp Ca C Ca Ca
—b 0.010 0. 018 Q. 000 0.0167 —0,058
—-3.1 .138 017 .001 . 0154 —.058 . 0010
~0.2 .33 .021 . 000 .0111 —. 061 .0019
4.8 . 654 L0483 —. 005 .0076 —. 047 . 0039
9.4 .43 .079 —.014 —. 0028 —. 034 . 0052
1.3 1L.040 084 —. 018 —. 0084 —. 027 . 0080
12,3 1.082 .18 —. 018 —. 0125 —.020 .0038
13.3 1. 10 112 —. 021 —. 0187 —.012 . 0081
14.3 1.153 .123 —.024 —. 0351 —. 0056 . 0045
15.2 1.164 2132 —. 027 —. 0363 .003 .0031
18.2 1184 . 146 —. 033 —. 0403 .012 . 0002
19.2 1178 .217 —. 056 —. 0866 . 035 —. 0109
25 . 888 .418 —. 148 —. 1219 L0224 —. 0118
30 .872 607 —.183 —.1173 —. 004 —. 0061
40 .78 . 668 —. 234 —. 0562 -.073 .0139
50 .34 .868 —. 300 —. 0435 —. 118 . 0255
60 .618 1.036 —.358 —. 0459 —. 157 . 0382
TABLE IIT

LIFT, DRAG, CROSS-WIND FORCE, ROLLING-
MOMENT, PITCHING-MOMENT, AND YAWING-
MOMENT COEFFICIENTS

—20° Yaw
Asgpect ratiom3.0 Rectangular tps
a Dezg, CL Cp Ce Cy Cu Ca
-5 —0.017 0.021 0.005 0.0120 —0.053 0.0014
-3 .084 .020 .005 0074 —. 051 - 0020
—0.2 .238 .03 .003 . 0000 —. 048 .0027
9.5 . 786 .082 —-.0156 —. 0216 —. 037 . 0059
14.3 1.019 .138 -. 029 —. 0387 —. 030 . 0070
18.2 L 207 207 —~. 035 —. 0623 —.025 . 0067
20.2 1.258 .228 —. 066 —. 0675 —. 31 . 0004
212 1.308 251 —~. 080 —. 0702 —. 039 . 0040
22,2 L312 . 282 -, 095 -.0813 —. 044 —. 0018
2.3 1265 .309 -.108 —. 0841 —. 049 —. 0067
25 1.020 .437 ~. 166 —. 0950 —.077 —. 0032
26 1.008 .4568 —. 178 —. 0095 —~.078 —. 0055
30 937 .531 -~—. 201 —. 0797 —~.100 . 0077
40 789 . 652 —-. 237 —. 0328 -~ 127 .0187
50 .703 .815 —. 200 —. 0243 -—. 1588 0208
60 . 585 957 —. 341" —. 0228 —.190 +0383
TABLE IV

LIFT, DRAG, CROSS-WIND FORCE, ROLLING-
MOMENT, PITCHING-MOMENT, AND YAWING-
MOMENT COEFFICIENTS

—20° Yaw
Aspect ratio=3.18 Faired tips
« Deg. CL Cp Co Ci Cu Cu
] —0. 008 0.017 0.000 0. 0159 —0.057 0. 0007
—-3.1 .089 017 .001 L0112 , 053 . 0014
—-0.2 231 .019 —.002 . 0046 048 . 0022
9.5 JTH 075 —.020 —. 0257 —. 024 . 0039
14.4 . 952 123 —. 035 —.0411 021 . 0060
19.2 1.128 188 —. 062 —. 0596 —.019 . 0082
2.2 L225 230 —. 088 —. 0840 ~.038 . 0041
25 .978 .410 —.169 —. 0801 ~.071 —.0089
26 . 966 .432 —.182 —, 0903 - —. 0063
30 .903 512 —.231 —. 0885 —.099 —. 0070
40 .78 653 —. 241 —, 0352 - 127 0173
50 . 638 797 —.282 —.0222 —. 154 0273
60 .582 938 —.335 -, 0233 184 377
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TABLE V TABLE VIII

MOMENT’ COEFFICIENTS ’ MOMENT, i’ITCHING-MOMENT, AN}D YAWING-
. MOMENT COEFFICIENTS
—20° Yaw -
Aspect ratio=3.23 . Semicirenlar tips . ~20° Yaw
Aspect ratio=1.27 Semlolroular tips
a Deg. C1L Cp Co Ci Cu Ca
a Deg. CL Cp Ca Ci Cu Ca
S| @ e | | eom
—01 235 L019 2000 ~0035 y ~0028 oI Bt 3 - B e | & 000t
sl & ) 20 = - 0s 0 a4 | lom | loos | —o10 [ — a8 +0000
103 | 11w | 188 [ —ois | —osms | — 0073 SOl | oM 08— 081 | -
w3l Ln -0 < 2 I .y ‘o2 149 584 15 | —oz | —onae — 008 -0110
b Lo it e 1A I Tam | e 19.9 78 (188 | —o053 | —oms — 079 0172
% = o3 I ~e | = 248 Le58 tzmy | —oss | —n 123 —.100 L0121
. . - - z 208 [ 1133 ger | —168 | —iesr — 160 . 0130
30 2010 1504 -163 ~1004 -099 -0018 e k= W ois | o -1 -9
F R I et = gy - g | T3 | 7o [ —2 | —us | lam +0078
o - oA 2 g e 807 [ L2 78 | —33 | - 1488 — 20 <0050
. . - - . . i3 -6o8 62 | -5 | — —~.168
o | dp| Sl zE| Z¥E) 4| .
. TABLE VI ) N ) ) ) )
LIFT, DRAG CROSS-WIND FORCE ROLLING-
MOMENT, PITCHING-MOMENT, AND YAWING-
MOMENT COEFFICIENTS TABLE IX
Aspect ratiom10 —20° Yaw Rectangalar tips SUMMARY OF FORCE CHARACTERISTICS
a Deg. CL Cp Ca (&1 Ca Ca 4 CLues | Max, Dat| aat
Tip shape 5 | Comas | Comin Comia | LD CRuss 2mas| Cimes
-5 |-0051 | oo | oo 0.0176 | —0.037 0.0023
=3 . 018 . 036 .015 . 0101 - . 0020 Deg.
0 -V - NS~ 2 - -0 Recto e 600 121000162 | s21 /2164 | L2a5| &0 "1
o o ;B - - 3050 Do 300| Lies| .o70| 704 |1360| L210) cea| 17
1 -8 . - - - -0z Do 200| 1156 | [0179 | 6451077 LI81| 475| 20
e o 0 - g4 - 0% Do L60| L120| fcoo1| 657] s03| Liss| zm| =
e 18 o3 - - - g0 Do 125| 1130 | .c207| 5i6| 7.8 | Liso| 32| 25
27| L - It 7> My - . L00] L320| .02t | &0.7] ao7| Loed| L20] 40
2 1.208 vl —-i e - 0002 .76 | L3 ledi| s69| 6oo| L7zz| L11| 4
x i 3 o ~1 -Q10e 0| L28s | tos01| 427 442| Les3| 17| 43
i R Tl s —-E -1 151 1130 | Jo51| 7641480 L1s0) B70| 17
% - o v -® -ouzt 215 Lo8 | co160| 674|108 Lim| 473| 20
. . - - - . 165| Too| -oir2| 637 s.08| Lott| 2e5{ =
Lo con| om| &3] EE| IRl i8|
TABLE VI e R 1B IR HE R
LIFT, DRAG, CROSS-WIND FORCE, ROLLING- Semicircniar (%23 | L2265 -o151| 8L1|1531| L2390 cs2a| 18
MOMENT, PITCHING-MOMENT, AND YAWING- Th| Il | 0| ot Ges| taa| i 2
MOMENT COEFFICIENTS 51| Lezo| Jor aas| acol Lazw| 26l 3
, - o R B E
t ratio=0.90 Faired tips .75 | 1388 | .o176 | 788 613| L7o1| 120| 4o
a Deg. CL Cp Co C Cu Ca
~5 |—0.014 | ooo | coow 0.0002 | —0.041 0. 0010
-3 .29 .25 . . 0048 — 039 . 0015
0 -097 025 — 0060 — 041
9.9 L2368 1066 | —o18 | — o314 —.051 | — o001
49 lag7 m | - —.o77 iy S 0044
10.9 1638 ‘w8 | —o8 | —oom iy - 0001
249 500 1268 | —105 | —. 1289 —101 | — oote
1.8 J928 a7 | —us | — 1801 — 138 . -
348 [ Loss ey | — — 1427 175 | — ome
398 [ Lo 1800 | —368 | — 1360 —104 | — o2
16 .85 e [ — —om8¢ —.188 0027
48 e | leso | —=r | —o5m —. 168
50 ~501 64 | —m1 | — 058 ~.160 -o110
60 476 e8| - — 0627 -7 :




